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ABSTRACT 
This thesis presents a threat assessment analysis for collision avoidance just before an 
accident. This is due to the high rate of accidents that happened in Malaysia for the past 
years. The outcome of this research is to simulate the vehicle ' s maneuver trajectory to 
prevent accidents. Besides that, possible impacts of the accidents will be estimated for 
threat assessment analysis. This project also provides an appropriate decision making 
for the driver by assessing different vehicle ' s maneuver conditions. There are different 
cases of avoidance such as the driver of a vehicle can use braking, acceleration or 
steering to avoid a collision with an obstacle model. An intelligent threat analysis is 
proposed to estimate the possible position of the main vehicle to generate a minimum 
impact force of potential accidents. The analysis proposed will help the driver to make 
decision to avoid an obstacle. In addition, the environment uses MA TLAB/Simulink for 
simulation to estimate the position. The simulation includes system blocks of vehicle 
dynamics, kinematics of a car and obstacle modelling. Simulation results and 
theoretical value of impact forces are able to determine the suitable position of vehicle 
to avoid obstacles. 
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ABSTRAK 
Projek ini menerangkan tentang penilaian ancaman analisis bagi mengelakkan 
perlanggaran antara kenderaan. Projek ini dilaksanakan oleh kerana kadar kemalangan 
yang tinggi di Malaysia sejak beberapa tahun yang lalu. Dapatan kajian yang dilakukan 
ini adalah bagi mensimulasikan trajektori kenderaan bagi mengelakkan perlanggaran. 
Selain itu, impak perlanggaran akan dinilai bagi tujuan penilaian ancaman analisis. 
Projek ini juga membantu dalam memberi keputusan yang sesuai untuk pemandu 
dengan menilai cara mengelak perlanggaran. Terdapat pelbagai cara untuk 
mengelakkan perlanggaran sesama kenderaan. Antaranya ialah pemandu boleh 
menekan brek, menekan pedal minyak atau memusing stereng kereta bagi mengelakkan 
perlanggaran. Penilaian ancaman analisis telah diusulkan untuk membuat keputusan dan 
anggaran tentang kedudukan kereta bagi mengelak perlanggaran atau membuat 
perlanggaran dengan minima impak terhadap pemandu. Tambahan pula, perisian 
Matlab/Simulink akan digunakan sebagai perisian simulasi bagi menentukan kedudukan 
kereta tersebut. Simulasi yang akan dilakukan termasuklah kenderaan model dinamik, 
model kinematik dan model halangan. Hasil keputusan simulasi dan nilai teori daya 
impak dapat menentukan kedudukan kenderaan yang sesuai bagi mengelakkan 
halangan. 
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INTRODUCTION 
1.1 Background of the Project 
Malaysia has high rate of vehicle accidents involving some degree of 
driver behavior [lJ. Figure 1.1 shows the road accident data in Malaysia. Number 
of road crashes increase every year as shown in the figure below. In the year 
2013 , MIROS recorded a total of 4 77,204 road crashes. A total of 6917 road 
deaths were recorded in the year 2012. The behavior of the implicated driver is 
usually the primary cause. This includes driver fatigue, drowsiness or lacking of 
response time which may lead to accidents. Therefore, in order to prevent such 
accidents from happening, an intelligent threat assessment analysis will be 
created. 
A student needs to design and create an analysis for threat assessment of 
wheeled mobile robot. Parameters such as speed, mass of vehicle, impact force 
are needed to estimate the possible output. The output involve is the suitable 
position of host vehicle during or to avoid a collision. The simulations will be 
done usirig Matlab with different cases of possible collisions/accidents. A 
decision made for the vehicle to avoid collisions or accidents are based on the 
output obtained which is impact force and time of collision. The expected 
outcome of this project is to generate an analysis for threat assessment to 
prevent accidents by simulation. 
-Reels rued Rod Roa4 Serlou Sllpr Look.: per hulexper Iadeks per 
Year VWdu Pop•l•lion ·Crub .. Deuho Ia jury Ia jury 10,000 100,000 lrillioa 'IJCT Vekiclts P .. llhtlon 
1997 8,550,469 ' 21,665,600 215,632 6,302 14,105 36,1 67 7.37 29.1 33.57 
1998 9,141,357 22.179.500 211,037 5,740 12,068 37.896 6.28 25.8 28.75 
I 1999 9,929,951 22,711,900 223,166 5,794 10,366 36,777 .5.83 25.5 26.79 
2000 10,598,804 23,263,600 250,429 6,035 9,790 34,375 5.69 26 26.25 
2001 11,302,545 23,795,300 265,175 5,849 8,680 35,944 5.17 25.1 23.93 
2002 12,068,144 24,526,500 279,711 5,891 8,425 35,236 4.9 25.3 22.71 
12003 12,819,248 25,048,300 298,653 6,286 9,040 37,415 4.9 25.1 22.77 
2004 13,828.889 25,580,000 326,815 6.228 9,218 38,645 4.52 24.3 21.1 
2005 15.026.660 26,130,000 328.264 6.200 9.395 31,417 4.18 23.7 19.58 
2006 15,790,732 26,640,000 341,252 6,287 9,253 19,885 3.98 23.6 18.69 
2007 16,813,943 27,170,000 363,319 6,282 9,273 18,444 3.74 23.1 17.6 
2008 17,971,901 27,730,000 373,071 6,527 8,868 16,879 3.63 23.5 17.65 
2009 19,016,782 28,310,000 397,330 6,745 8,849 15,823 3.55 23.8 17.27 
2010 20,188.565 28,910,000 414,421 6,872 7.781 13,616 3.4 23.8 16.21 
2011 21,401,269 29,000,000 449,040 6,877 6,328 12,365 3.21 23.7 14.68 
2012 22,702,221 29,300,000 462,423 6,917 5,868 11,654 3.05 23.6 1335 
2013 23,819,256 29,947,600 477,204 6,915 4,.597 8,388 2.9 23.1 12.19 
2014 25,101,192 30,.300,000 476,196 6,674 4.432 8,598 2.66 22 10.64 
Figure 1.1: General Road Accident Data in Malaysia (1997- 2014)- Malaysian 
Institute of Road Safety Research (MIROS) [ZJ 
1.2 Problem Statement 
Driver's action just before an accident is able to cause major injury or 
high impact force to the driver. Experienced drivers are able to make decision in 
a critical situation in order · to avoid collision. The action during the short 
response time includes braking, acceleration or steering to avoid accidents. An 
appropriate decision making of the driver needs to be correct in order to prevent 
accidents from happening. 
1.3 Project Objectives 
1. To simulate the vehicle's maneuver trajectory in order to prevent 
accidents. 
2. To estimate the possible impacts of the accidents for threat assessment 
analysis. 
3. To provide an appropriate decision making for the driver by assessing 
different vehicle's maneuver conditions. 
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1.4 Project Scope 
1. Study of vehicle dynamics 
A good designed modeling of a system is needed in order to create an 
intelligent control system. Mathematical model of a vehicle is described in this 
thesis, which includes acceleration and braking. In addition to that, kinematic 
model is also described to obtain the position and coordinate of the vehicle in a 
certain instant. 
2. Study of collision and impact 
Mathematical ·formula of collision and impact are needed to estimate the 
impact force of a collision. Different cases of driver' s maneuver uses different 
mathematical formula to calculate each impact forces. 
3. Matlab/Simulink 
Matlab is a software used for various simulations, signal processing or as 
a calculator. For this project, Simulink is used. It adds graphical multi-domain 
simulation and model-based design for dynamic and embedded systems. This is 
for the purpose of implementation of analysis. 
3 
REFERENCE(S) 
[1] Kareem, A. Review of global menace of road accidents with special reference to 
Malaysia-a social perspective. (2003). 
[2] https://www.miros.gov.my/1/page.php?id=17 
[3] http://www.physicsclassroom.com/class/newtlaws/Lesson-3/Newton-s-Second-
Law 
[ 4] http:/ /expertdirectory.arcnetwork.com/north-carolina/jamestown/news/the-
physics-of-a-collision-4 
[ 5] http:/ /hyperphysics. phy-astr .gsu.edu/hbase/ carcr.html#cc3 
[6] http://hyperphysics.phy-astr.gsu.edu/hbase/impulse.html 
[7] http://www. physicsclassroom.com/mmedia/momentum/trece.cfm 
[ 8] http:/ I study. com/academy /lesson/ elastic-and-inelastic-collisions-difference-and-
principles.html 
[9] http:/ /hyperphysics.phy-astr.gsu.edu/hbase/colsta.html#c2 
[ 1 0] http:/ /hyperphysics.phy-astr.gsu.edu/hbase/inecol.html#c 1 
[ 11] http:/ /ritzel.siu.edu/courses/302s/vehicle/vehicledynamics.htm 
[12] Hamid, U. Z. A., Zamzuri, H., Rahman, M. A. A., & Yahya, W. J. A Safe-
Distance Based Threat Assessment with Geometrical Based Steering Control for 
Vehicle Collision Avoidance. Journal of Telecommunication, Electronic and 
Computer Engineering (JTEC), 8(2), 53-58. (2016). 
57 
[13] Brannstrom, M., Coelingh, E., & Sjoberg, J. Model-based threat assessment for 
avoiding arbitrary vehicle collisions. IEEE Transactions on Intelligent 
Transportation Systems, 11(3), 658-669. (2010). 
[14] Gray, A., Ali, M., Gao, Y., Hedrick, J. K., & Borrelli, F. A unified approach to 
threat assessment and control for automotive active safety. IEEE Transactions 
on Intelligent Transportation Systems, 14(3), 1490-1499. (2013). 
[15] http://www.edy.es/dev/docs/pacejka-94-parameters-explained-a-comprehensive-
guide/ 
[16] Hosseini, S., Murgovski, N., de Campos, G. R., & Sjoberg, J. Adaptive forward 
collision warning algorithm for automotive applications. In American Control 
Conference (ACC), 2016 (pp. 5982-5987). IEEE. (2016, July). 
[17] http://hyperphysics.phy-astr.gsu.edu/hbase/crstp.html 
[18] Wei, Y., Meng, H., Zhang, H., & Wang, X. Vehicle frontal collision warning 
system based on improved target tracking and threat assessment. In Intelligent 
Transportation Systems Conference, 2007. ITSC 2007. IEEE (pp. 167-172). 
IEEE. (2007, September). 
[19] https://www.miros.gov.my/ llpublications.php?id_page=19&id_event=374 
[20] https://crashstats.nhtsa.dot.gov/ Api/PublicNiewPublication/811 059 
58 
